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expressed as follows. 

(28.1) 

In this equation, S denotes the circumferential stress at a distance c measured from 
the central axis of the transverse cross section of the beam at which the bending 
moment is M. The distance from the centroidal axis to the center of curvature of 
the unstressed beam is R. Finally, A denotes the area of the cross section and A is 
a geometrical property of the cross section, which is defined as 

A = \ f - 1 — dA (28.2) 
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The Winkler-Bach equations take into account the effect of beam curvature on 
circumferential stresses, but they require prior determination of the section param¬ 
eter given by Eq. (28.2). Some typical analytical expressions for A are found in 
Table 28.1. The exact analysis of the stress distribution should involve simulta¬ 
neous consideration of the direct stresses in radial and circumferential directions, 
together with the superimposed effect of shear. Since, however, the maximum 
stresses in the circumferential direction considerably exceed the maximum radial 
stresses the approximate Winkler-Bach theory, based on circumferential stresses 
only, has a good deal of practical justification. Until about the year 1914, English 
and American practice was to estimate the stresses in hooks and curved bars by 
the rules applicable to straight beams and to ignore the effects of curvature. At 
that time, however, Morley published a discussion of the engineering approach to 
curved-beam design [157] and gave support to the Winkler-Bach theory on prac¬ 
tical grounds. The adequacy of this theory was also demonstrated by the early 
tests [158], while fundamental curved-beam equations were derived from the first 
principles using the strain energy approach [159]. 

Although Winkler-Bach theory has certainly stood the test of time, it is well 
to recognize that the general limitations that apply to the formula S b = M/Z 
for straight beams are also valid for the curved-beam equations [139]. Additional 
restrictions must also be imposed on curved members having H, I, T, and similar 
cross-sections. Specifically, flanged sections should not be excessively wide or thin 
in order to avoid local buckling or unusual stretching. This is particularly important 
in the case of relatively brittle materials, which can easily fail due to a local tensile 
fracture. Some of these failures can, of course, be prevented by adding either welded 
or riveted stiffeners, provided that the local stress concentration at the heat-affected 
zone does not significantly alter the load-carrying capacity of the entire structure. 
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CORRECTION FOR NEUTRAL AXIS 

When a curved beam is subjected to the combination of loading, superposition of 
bending and direct elastic stresses gives the general expression 



